A proposed design procedure for PI and PID type controllers is presented in the present paper utilizing eigenspectrum assignment as a design tool. As it is well known that the right eigenvector gives the mode shape, i.e. the relative activity of the state variables when a particular mode is excited, while the left eigenvector identifies the weights for the contribution of the activity to the mode. In the analysis and operation of power systems, one needs to assess the influence of some parameter variation that may be a source of oscillations and deteriorate the frequency and tie-line power regulation. This includes what might be considered "natural" modes of oscillations that are due to the inherent system characteristics as well as "forced" modes of oscillations that are driven by a particular system. A comprehensive treatment and evaluation for the sensitivities of eigenvalues and eigenvectors are presented.
th ICEENG Conference, 27-29 May, 2014 EE042 -3 introduce a PID controller scheme which is validated by the same adopted power system illustrative example. Section four addresses the first order eigenvalue sensitivity to parameter perturbation in the system matrix. Finally, first order eigenvector sensitivity is introduced.
2-Proportional Integral (PI) Controller Design Methodology
To present the design procedure, consider the linearized differential equation model of a continuous time controllable dynamical electrical power system governed by the state equations of the form: 
ℜ ∈
is a constant disturbance matrix; in addition matrices B and C are of full rank (m, q) respectively. For a derivation of the most commonly used electric power system models, the interested reader can follow [4, 7] . The control vector u(t) m ℜ ∈ , y(t) is the output vector q ℜ ∈ whereas w(t) is the load disturbance.
As power systems cannot operate satisfactorily without proper control, therefore to achieve the highest control strategy with least variability, a state error is defined as e(t) = x(t) -x r (t), where x r (t) is the reference state vector "which will be dropped later" as the deviation of state vector relative to its reference values. It should be mentioned that throughout this paper, the state vector x r (t) will be assumed to be a slowly varying quantity. It is frequently necessary to introduce integral as well as proportional feedback for all state variables of the power system in order to achieve an acceptable steady-state error with a desirable transient response.
Let the control which derives the dynamical system (1) from initial state and assigning a prescribed set of complex conjugate eigenvalues be composed of two terms as:
represents the proportional feedback gain matrix, while
represents the integral part of the feedback gain matrix. Feedback gains K P and K I are to be designed based on eigenvalue assignment as a tool. Such a type of controllers represents the best possible trade-offs among robustness, stability, and performance criteria both in transient and steady-state [8] . It is logical to assume that a step change of load is often the case. In order to reject the effects of finite constant disturbance w(t), equation (1) 
The objective is to design the nonunique feedback gain matrices K P and K I . As long as the pair (A, B) is controllable and to have complete control over the system dynamics, the following necessary and sufficient conditions must be satisfied for the existence of state feedback which are: pair (A a , B a ) is a controllable pair [9] .
The properties of these conditions can be used to design the appropriate proportional and integral feedback gains. Once these conditions are satisfied, it is possible to design a proportional plus integral controller of the form (2) by assigning a set of self conjugate eigenvalues (electromechanical modes) for fast regulation coupled with system stability. Recalling that the real part represents oscillation damping whereas the imaginary part represents the frequency of oscillations. Differentiating equation (2) results in:
Substituting in (4.a), then the modified state equation can be expressed as:
The resulting augmented system will consist of ) ( ) ( q n q n + × + dimensions and obtained as:
There is a need to deal with various modes and frequencies that occur in such systems. The performance of the system can be examined by evaluating the eigenvalues for speed of response and stability; besides the eigenvectors for the distribution of eigenvalues within states thus achieving robustness and mode shaping for meeting performance specifications [10] [11] [12] . From which the lower portion of the eigenvector is obtained as:
where i = 1,2,…,(n+q) (10) Manipulating equation (9) , the compact form is obtained as:
In compact form, equation (11) 
A  (12) where the m-dimensional vector w i equals to ( ) 1
Inspecting equation (12) reveals that it represents (n) linear equations in (n + m) unknowns representing the associated vector. In order to satisfy equation (12), the vector
which is of m-dimensional admissible space. This allows a free selection of (m) unknowns, those forming the vector w i , consequently this reflects the freedom in determining feedback gains, in order to get a solution for the upper vector v i1 of dimension (n). Iterating equation (12) for the prescribed set of (n + q) eigenvalues, the following expression is obtained:
The right most matrix V is square of dimension
, as long as the eigenvalues are distinct and the matrix is nonsingular, hence the solution of equation (13) is guaranteed as:
(14) Effectiveness of the proposed design procedure is summarized in the following steps where it is implemented using MATLAB control toolbox software package:
• Consider equation (12) (10) • Construct the (n + q) dimensional vector as
• Apply equation (14) to get the gains of K P and K I Interestingly once v i1 is obtained, the next steps are easily obtained. Effectiveness of the proposed design is illustrated taking the advantage of MATLAB control system toolbox software package. A numerical example for a realistic power system extracted from [6] where the matrices are:
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To illustrate the procedure, let the desired (n + q) = 9; such that the arbitrary eigenvalues be 
3-Proportional plus Integral plus Derivative (PID) Controller Design [13]
Derivative action is used for providing phase lead, which offsets phase lag caused by integral term. The action is also helpful in hastening system recovery from disturbances. Consider the system equations are described as:
Let the control vector be composed of three components, namely
represents the integral part of the feedback gain matrix; whereas the derivative feedback gain 
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    (25)
The compact form of the above equation can be written as:
To illustrate the last procedure, using the system equations of (16) 
The MATLAB control system toolbox software package has been used to calculate the design steps where the following gains are obtained: 
4-Eigenvalues/Eigenvectors First Order Sensitivities
Expressions for eigenvalue/eigenvector sensitivity coefficients due to perturbation in system parameters have been given in various forms and from different points of view, whether numerical analysis, perturbation theory, and as problem in linear system theory [14] . The influence of certain component's parameters such as governor, turbine, load frequency time constant should be investigated in power system analysis, design, and operation in order to achieve an adequate and satisfactory performance. Badly designed and/or improper parameters selection may be a source of oscillations and can deteriorate the frequency and the tie line power regulation process. The linearized system state matrix A n n× ℜ ∈ contains several parameters, thus the eigenvalues i  's are also functions of these parameters, consequently the right and left eigenvectors will vary since the components of the right eigenvector measure the relative activity of each state variable in the i-th mode, while components of the left eigenvector weight the initial conditions in the i-th mode [14] . Variation of the eigenvalues ( i  's) with respect to parameter represent the influence of parameter variation on power system stability.
First Order Eigenvalue Sensitivity Method (i)
Let the system matrix A be an 
.,n).
Method (ii) [7] Instead of dealing with the right and left eigenvectors of the system matrix, consider Taylor 
The calculation procedure is summarized as:
• 
